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ABSTRACT

Introduction: Given the significant impact of dialysis adequacy on the quality of life and
survival of hemodialysis patients, an information system for assessment of the treatment plan
is necessary.
Objectives: In this study, a web-based information system was developed to monitor
hemodialysis adequacy in hemodialysis center of Taleghani hospital of Urmia.
Patients and Methods: The study is organized into four phases; determination of minimum
data set, designing an information system for monitoring the dialysis adequacy, implementing in
a hospital setting and finally impact of the information system on dialysis adequacy.
Results: This system designed in ASP.NET platform and C# programming language and SQL,
server database was applied for managing the data. This system implemented in server of
hemodialysis center of the hospital. The results of statistical analysis showed that information
system on the hemodialysis adequacy indicators has a significant effect (P < 0.05).
Conclusion: We found that the designed information system is capable of promoting
hemodialysis adequacy.

Implication for health policy/practice/research/medical education:

The designed information system can determine dialysis time, based on the NKF-K/DOQI guidelines and evaluate the
effectiveness of treatment based on the hemodialysis adequacy indicators. This information system helps the nephrology
specialists in the timely identification of patients with inadequacy status by creating the necessary alerts and reminders.
Please cite this paper as: Jebraeily M, Safdari R, Rahimi B, Makhdoomi K, Ghazisaeedi M. Development of a web-based
information system for monitoring of hemodialysis adequacy. J Nephropharmacol. 2019;8(2):e19. DOI: 10.15171/npj.2019.19.

Introduction
Today, the incidence of chronic diseases is constantly
growing causing death in more than 60% of cases around
the world (1). One of the chronic diseases is end-stage
renal disease (ESRD) which more than 80 thousand
people annually lose their lives through it (2,3). Indeed,
ESRD is the final stage of kidney failure that is marked by
the complete or nearly complete irreversible loss of renal
function (4). However, renal replacement therapies lead
to prolonging the life of millions of patients with ESRD
among which hemodialysis is the most common therapy
that over two million people all over the world survive
through this procedure (5,6).
Despite the progress of the quality of care services and
the advance in hemodialysis machines, the rate of disability
and mortality in hemodialysis patients are unexpectedly

high (7). The hemodialysis process should have provided
the adequacy to improve their quality of life and rate of
survival (6-8). To accomplish this, nephrologists are
to allocate the optimal dose of hemodialysis properly
according to the characteristics and specific situations
of each patient. It is important to do the process of
hemodialysis based on clinical guidelines. Moreover, they
are required to continue to monitor dialysis adequacy so
that if necessary, modifications are made in the treatment
plan (8-10).
As reported by the NKF-K/DOQI (National Kidney
Foundation- Kidney Disease Outcomes Quality Initiative)
guidelines, a urea reduction ratio (URR) over 65% and a
Kt/V over 1.4 are proposed to hemodialysis adequacy (11).
In Iran, more than 28 thousand people are treated with
hemodialysis. Researches indicate that in more than 56%
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of the patients, Kt/V is less than 1.2 (12-14). Given the
significant impact of dialysis adequacy on the quality of
life and survival of hemodialysis patients, it is essential
that there is an information system for assessment of the
treatment plan and continuous monitoring of the dialysis
adequacy in the management of these patients (9-11). An
information system can be used as a support tool to follow
up the effectiveness of treatment as well as to evaluate the
performance of hemodialysis centers (15).
The results of the studies have indicated that using
information systems in dialysis centers improves the
quality of services as well as the effectiveness of the care
provided, which in turn reduces medical errors, costs and
time of dialysis, and gives the providers of dialysis services
the possibility of focusing on the status of their patients
more effectively (9,10,15,16).
Renal Epidemiology and Information Network in
France gives valuable information to health care providers
through recording the data related to the dialysis process
and dialysis adequacy so that, by focusing on the results
of treatment, they improved the decision-making process
and the quality of care along with following the clinical
guidelines in the process of dialysis (17).
Objectives
In this study, a web-based information system was
developed to monitor hemodialysis adequacy in a
hemodialysis center and its impact on the dialysis
adequacy indicators was evaluated.
Patients and Methods
Study population
The study was organized into four phases:
Determination of minimum data set
At this stage, a researcher-made questionnaire was
designed according to the latest version of the clinical
guideline NKF-K/DOQI (2015) in the field of dialysis
adequacy and using the specialized forms of hemodialysis.
A group of 30 experts (including 15 nephrologists, 10
dialysis nurses and 5 health information managers) were
asked to rate the degree of value of data elements by
using a five-point Likert scale (1; low important to 5; very
important) via Delphi technique. The items identified as
important or highly important by more than 50 % of the
experts, were entered in the ultimate list of minimum data
set.
Designing an information system for monitoring the
dialysis adequacy
A work group of experts including 4 nephrologists, 3 nurses
and 2 health information management professionals in
the hemodialysis ward of Taleghani hospital was assigned
to draw conceptual and logical diagrams.
First, the tables of scenarios describing actors, objectives,
and relevant events, preconditions of the process, the
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mainstream of events, post-conditions, and possible
alternatives were developed.
Then, using Enterprise Architect software which is
powerful software for analysis and designing unified
modeling language diagrams, the graphs were drawn.
Implementing a web-based information system in the
hemodialysis center
The system, designed in Visual Studio and C#
programming language in NET4.5, is used for high-level.
To store data, SQL Server was used. The system was then
installed on Taleghani hospital’s server computer since
the hospital possesses one of the largest hemodialysis
centers in Iran. Prior to the implementation of the system,
training was provided to the end users of the center. Then,
test was run for a week’s period to identify and correct
system problems. After verification by users, the system
was officially launched in May 2017. Information from
the paper records of 375 hemodialysis patients (the total
number of patients referred) was gradually fed to the
system.
Evaluation of impact of information system in the
dialysis adequacy
In the evaluation phase, we selected the pre-post
implementation method. Before the implementation
of the system in Taleghani dialysis center of Urmia, the
hemodialysis adequacy indicators were collected from
paper records of 375 patients. After nine months of
implementation of the system, hemodialysis adequacy
indicators were evaluated for the same patients.
Ethical issues
Human rights were respected in accordance with the
Helsinki Declaration 1975, as revised in 1983. The study was
approved by the ethics committee of Tehran University of
Medical Sciences (Ethical cod# IR.TUMS.REC.1394.673).
The informed consent was taken from hemodialysis
patients.
Statistical analysis
In the phase of determining of minimum data set, the
items identified as important or highly important by more
than 50% of the experts, were entered in the ultimate list
of minimum data set. In order to evaluate the impact of
information system on hemodialysis adequacy indicators,
the mean of Kt/V, URR, eKt/V of the patients before and
after the implementation of the information system were
compared by using of SPSS 20 software and paired t test.
Results
A total of 537 data elements in seven main classes
including demographic information, medical history,
treatment plan, dialysis sessions, lab tests, hemodialysis
adequacy and reports were obtained.
The users were provided with a username, password
http://www.jnephropharmacology.com
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combination to log in the system on their own according
to the role-based access control.
In the treatment plan recorded by the nephrologists,
the system calculated the volume of urea distribution (V),
clearance of the dialyzer (K), and duration of dialysis (T)
based on the algorithms derived from the latest version
clinical guideline NKF-K /DOQI (11). The physician
determines the type of access to vascular, ultrasound, and
heparin dose in the treatment plan and can record medical
comments, drug prescriptions, diets, and trainings for the
patients (Figure 1).
The data required to calculate dialysis adequacy are
automatically obtained from dialysis sessions and the
results of blood urea nitrogen test before and after the
dialysis are recorded and then the system calculates the
indices.
After the statuses of the indices of adequacy are
calculated, they are displayed in the following colors
including (green; dialysis adequacy, yellow; alert for
adequacy, and red; dialysis inadequacy). After calculating
the adequacy indices, if the indices are less than the
standard, warnings will be sent to the nephrologists via
SMS (Figure 2).
The latest version of clinical guideline NKF-K/DOQI
was used to identify the value of the indicators (11).
In the reporting section of the system, the user can view
the information about the adequacy indicators in the form
of tables and graphs based on history and observe the
process of changes in any time period (Figure 3).
The results of statistical analysis showed that the
implementation of the information system on the

hemodialysis adequacy indicators has a significant
positive effect and it definitely improves the efficiency of
monitoring the adequacy (P < 0.05; Table 1).
Discussion
Web-based information system to monitor dialysis
adequacy proposes the optimal dose of hemodialysis based
on the unique characteristics of each patient. Moreover, in
cases where the values of the calculated indices are less
than the standard, the system alerts nephrologists through
short messaging system.
In South Korea, Ku et al made an application on iPhone
operation system with the iPad. The common data
elements were determined based on a content list in three
sections (demographic data of the patient, dialysis data,
and outcome data) using Xcode programming language.
Meanwhile, they used ASTM standards for information
exchange (18).
Soetomo et al developed a knowledge-based information
system in health care hemodialysis in collaboration with
physicians and nurses to assess the parameters of dialysis
patients with an analytical performance, including
hemodialysis adequacy, transparency of small molecules,
hemodialysis output, transparency of intermediate
molecules, general blood pressure control and nutritional
status (9).
Shima and Yasuda designed and implemented a webbased information management system for dialysis
patients. A total of 964 data elements in three categories
including the primary information of the patient,
information related to dialysis treatment, and information

Figure 1. Treatment plan of system.

Figure 2. Calculation of dialysis adequacy.
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Figure 3. Reports of dialysis adequacy indicators.

related to the transmission of the patient chosen for
the system. In order to manage the database, relational
database management system database, DB2, was used.
In addition, HTML format was used for the network
environment (19).
Cheng in Malaysia developed dialysis data management
system by using PHP programming language and the
MySQL database to store the data (20).
In China, Xie et al designed national kidney data system
in a portal structure which is implemented based on a Java
web application and uses Apache server services. They
also used MySQL database to manage the data (21).
Yao et al implemented an intelligent management
system of hemodialysis as a client-server system and used
C ++ programming language and MySQL database (22).
In our research, we developed a web-based information
system in ASP.NET platform and C# programming
language and implemented SQL Server databases for
handling data.

indicators and efficiency of resources.

Conclusion
We have found that the hereby designed information
system is capable of promoting hemodialysis adequacy
through timely identification of patients with inadequacy
status by creating the necessary alerts and reminders.
This information system helps the healthcare providers to
access patient information with no effort at any desired
time and place without the need for any special software.
It also enables physicians to prescribe dialysis time based
on the specific parameters of every patient. To improve
the support and care hemodialysis patients receive, it is
necessary that the information system should be created
in all the dialysis centers with the purpose of evaluating
centers’ performance based on the hemodialysis adequacy

Ethical considerations
Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by the
authors.

Table 1. Comparison of hemodialysis adequacy indicators pre-post
implementation

Adequacy
indicators
Kt/V

Preimplementation

Post-implementation

P value

1.23

1.47

0.003

eKt/V

1.02

1.25

0.001

URR

66.27

71.48

0.003
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Limitations of the study
This information system developed in a single hemodialysis
center study with a limited number of patients.
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